



Endoventriculoplasty with pericardial patch has been advocated to repair antero- 
septal ventricular aneurysm, but no studies have reported the influence of this 
technique on diastolic left ventricular function. We have evaluated the changes on 
ventricular filling by means of pulsed Doppler recording of diastolic transmitrai 
flow. Doppler analysis reveals three distinct spectral patterns: (1) normal, (2) 
inverted, and (3) restrictive. We have found an abrupt change from a preoperative 
normal to postoperative restrictive pattern in a significant minority of patients (8%) 
who underwent endoventriculoplasty. These patients had clinical and hemodynamic 
signs (New York Heart Association class, time from anterior myocardial infarction, 
left ventricular end-diastolic pressure, pulmonary hypertension, and mitral regur- 
gitation) of severe impairment but no differences were found in ejection fraction, 
aneurysmal extension, or remote myocardial function. Moreover, after operation 
they had a satisfactory ejection fraction, a low end-diastolic volume, and an 
apex-base length shorter than the predicted value for a normal population. The 
presence of a postoperative restrictive pattern of diastolic filling is a strong 
predictor of 3-month mortality and makes the medical treatment dflficult. Caution 
must be taken to perform endoventriculoplasty in patients who are severely ill, 
especially those recently affected by myocardial infarction. When the clinical 
conditions dictate the operation, a nonenthusiastic volume reduction seems to be a 
prudent option. (J THORAC CARDIOVASC SURG 1995;109:694-701) 
Maurizio Salati, MD, ~ Antonella Pajè, MD, ~ Pietro Di Biasi, MD, ~ Pino Fundaró, MD, ~ 
Alessandro Cialfi, MI), b and Carmine Santoli, MD, a Milan, Italy 
My heart is turn'd to stone; 
I strike it and it hurts my hand . . . .  
William Shakespeare (Othello) 
W e have used the endoventriculoplasty technique (Dor's technique) for a physiologic reconstruc- 
tion of the aneurysmal left ventrMe (LV)?  Early 
reports suggest a better postoperative myocardial 
performance and, consequently, a lower operative 
mortality rate than those results obtained with the 
standard aneurysmectomy. 2-4 These promising re- 
sults and the difficulty of heart transplantation i pa- 
tients with ischemia encouraged us to perform en- 
doventriculoplasty in patients who were severely ill. 
After the operation we observed in sorne patients an 
acute change of diastolic flow toward a more restric- 
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tive pattern (expression of  severe diastolic dysfunc- 
tion) despite a satisfactory systolic performance. 
In the course of our studies we investigated the 
rate of this acute change of the diastolic properties 
after endoventriculoplasty along with the clinical 
consequences and looked for possible explanations 
for this phenomenon.  
Patients and methods 
From 1988 to 1993 70 patients were referred to us 
consecutively because of anterior LV aneurysm. At an- 
giography all patients had at least one segment of the LV 
wall protruding from the normal outline of the ventricular 
chamber, and this showed either a dyskinetic or akinetic 
movement. LV pefformance was evaluated from regional 
contractility by computerized analysis?' 5 The system we 
used computed a score for each segment so that a normal 
segment would receive a score of 0, whereas a fully 
dyskinetic segment would receive a score of 20. The global 
hypokinesis score was the sum of all segmental scores. The 
aneurysmal score was made up of the anterolateral and 
apical scores and was assumed as an index of aneurysm 
extension. The remote myocardial score (outside the 
aneurysm) was the sum of anterobasal, diaphragmatic, 
and posterobasal scores. 
Fifty-four patients had two-dimensional echocardiogra- 
phy associated with a color Doppler examination before 
the operation. The transmitral diastolic flow was detected 
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by a pulsed Doppler examination atthe level of the mitral 
anulus. Interventricular septum was visualized and con- 
sidered viable if it showed some systolic thickening, nor- 
mal or hypokinetic motion, and normal echogenicity. The 
length of viable interventricular septum was measured 
from the aortic valvular plane toward the LV apex. Mitral 
regurgitation was quantified by the left atrium area/ 
regurgitation jet area ratio and graded from 0+ to 3+. 
Pulmonary arterial hypertension was considered present 
when the pulmonary arterial systolic pressure was greater 
than 35 mm Hg. 
All operations were done with cardiopulmonary bypass 
and aortic rossclamping. Moderate systemic hypothermia 
(26 ° to 28 ° C), cold antegrade cardioplegia (St. Thomas' 
Hospital solution), and topical (endocardial nd epicar- 
dial) cooling were used. Intracardiac repair and myocar- 
dial revascularization were done during the same period 
of aortic occlusion. Left ventriculotomy was begun at the 
"dimpling" point of the aneurysmal scar and was extended 
after taking into account the endocardial fibrosis and the 
presence of muscular tissue. In patients with a large 
aneurysm a preliminary circumferential suture was used to 
reduce the mouth of the LV aneurysm. A Dacron fabric or 
autologous glutaraldehyde-treated pericardial patch was 
inserted following the junction between scarred and nor- 
mal endocardium (Fig. 1). The patch was oval with a 
major width of 3 to 4 cm. The aneurysmal wall was sutured 
over the patch by means of over-and-over suturing. Bio- 
logic glue was applied generously to fill the excluded 
cavity and to ensure perfect hemostasis. 
Myocardial revascularization was done after ventricu- 
lotomy and before the patch was applied. All patients but 
two had myocardial revascularization; 15 patients had 
single-vessel, 22 had double, 24 had triple, 6 had quadru- 
ple, and 1 had quintuple bypass grafting. Revasculariza- 
tion of the left anterior descending artery was accom- 
plished in 45 cases (64%). 
All survivors underwent two-dimensional echocardiog- 
raphy after operation. The examination was done between 
5 and 10 days after the operation. LV volumes, ejection 
fraction, and apex-base diastolic length (ABL) measure- 
ments were taken in 36 patients (51%) in whom the 
echocardiographic w ndows permitted a reliable visualiza- 
tion of the new LV apex (Fig. 2). In these patients, 
diastolic volume, systolic volume, and ejection fraction 
were calculated in the four-chamber view by means of 
Simpson's model. 6 The ABL measurement was made 
from the end-diastolic mitral annular plane to the ventric- 
ular patch plane. Normal values for the ABL dimension 
were derived by the following equation: Z = 66.46 + BSA 
0.41, where BSA is body surface area. 7 In two patients 
with a restrictive diastolic flow pattern, these values were 
obtained by the transesophageal approach (biplane trans- 
ducer). 
The transmitral flow was detected and the patients were 
then assigned to groups on the basis of the transmitral 
flow pattern: group R comprised patients with a restrictive 
pattern and group N comprised patients with a normal or 
inverted pattern. The restrictive pattern was characterized 
by a reduced deceleration time, an increased early E 
(maximal early diastolic filling velocity), and a reduced 
late A (peak atrial filling velocity). The inverted pattern 
was characterized bya reduced early E and an increased 
late A. 8 
Intraindividual comparisons of the preoperative and 
postoperative ariables were done with a paired t test. 
Intergroup comparisons (between groups R and N) were 
analyzed by means of a nonpaired t test. Discrete variables 
were analyzed by means of Fisher's exact est or the X 2 test 
when appropriate. Probability values of 0.05 or less were 
considered statistically significant. 
Results 
The intraoperative mortality rate was 2.8% (2/70). 
Both patients who died had failure of LV contra¢- 
tility and ¢ould not be weaned from cardiopulmo- 
nary bypass despite massive inotropic support and 
intraaortic balloon counterpulsation. Two other pa- 
tients died within 30 days of the operation, which 
raised the global operative mortality rate to 5.7%. 
Among the operative survivors, Doppler exami- 
nation revealed a new restrictive pattern of diastolic 
fiow in six patients (8.8%). These six patients had a 
normal pattern of diastolic flow before operation. 
The average heart rate of these patients at the time 
of postoperative Doppler examination was 86 --- 9 
beats/min. The other patients showed a normal 
pattern except for six patients who had an inverted 
pattern after operation. Pertinent clinical data and 
the outcome of these patients are summarized in 
Table I. None of these patients had electrocardio- 
graphic or enzymatic evidence of postoperative 
myocardial infarction. 
Only two of these six patients (patients 2 and 4) 
showed a slow but progressive convalescence, and 
we were able to discharge these patients from the 
hospital 20 and 25 days, respectively, after the 
operation. At present, one patient is in New York 
Heart Association (NYHA) class III with pulmo- 
nary hypertension and one is in NYHA class II with 
moderate mitral regurgitation and normal pulmo- 
nary arterial pressure. In both patients the presence 
of a restrictive diastolic flow was confirmed at 
follow-up. The other four patients died within 3 
months of the operation. 
On the other hand, there were no early deaths in 
the group with normal diastolic flow (t7 = 0.001). 
Three patients (patients 1, 5, and 6) died of conges- 
tive heart failure, and one patient (patient 3) died of 
pneumonia nd ventricular fibrillation. In two pa- 
tients (patients 5 and 6) the hemodynamics were 
satisfactory in the operating room but deteriorated 
progressively after the operation. In one of these 
two patients (patient 6) the intraoperative echocar- 
diogram showed a normal diastolic flow, whereas a 
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Fig. 1. Intraoperative images of LV aneurysm. A, Operative view of opened LV aneurysm. "Red and 
white" line is clearly visible, as subvalvular mitr l apparatus. Healthy residual cavity is very small. B, 
Implantation ofglutaraldehyde-tanned autologous pericardial patch (4.5 cm). 
restrictive pattern was discovered on the fourth 
postoperative day. The hemodynamic response of 
patient 5 to endoventriculoplasty is illustrated in 
Table II. There was a postoperative rise of pulmo- 
nary artery pressure despite an acceptable jection 
fraction. The hemodynamic trend worsened when 
mitral regurgitation recurred and a hypertrophic 
compensatory esponse failed to occur. 
The preoperative clinical or angiographic differ- 
ences between the groups are depicted in Table III. 
The patients with a restrictive flow had clinical and 
hemodynamic signs of severe impairment that made 
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Fig. 2. Echocardiographic images of LV aneurysm. A, Echocardiographic v sualization of large antero- 
septal aneurysm. Viable septum extends as far as 2 cm from aortic valve plane. B,Apical four-chamber view 
showing residual eft ventricle after remodeling by endoventriculoplasty. This patient had restrictive 
pattern of diastolic fiow and died 20 days after operation. 
it necessary to operate closer to the time of anterior 
myocardial infarction (Table III). There were no 
differences between the two groups in regards to 
remote myocardial contractility and aneurysm ex- 
tension (Table III). Postoperative echocardiographic 
examination showed a shortened long-axis measure- 
ment in the patients with restrictive flow (Table IV), 
whereas the other LV dimensions did not register 
any significant difference statistically. Interestingly, 
the ABL length was less than the predicted value in 
group R (6.5 _+ 0.7 versus 7.5 +_ 0.26 cm; p < 0.05), 
whereas there was no difference in group N (7.3 + 
698 Salafi et aL 
The Journal of Thoracic and 
Cardiovascular Surgery 
April 1995 
Table I. Pertinent clinical data for patients with postoperative r strictive pattern of diastolic flow 
NYHA Time from AMI 
Patient class (mo) PAH IABP MR grade Gratis Outcome 
1 III 2 N Y 2 IMA-DA, Ao-RCA, Ao-OM D, 2 mo 
2 I-II 9 N N 2 IMA-DA A, 24 mo 
3 IV 1.5 Y Y 1 None D, 20 days 
4 IV 2 Y Y 1 Ao-RCA, Ao-OM A, 14 mo 
5 III 2.5 Y N 2 Ao-DA D, 3 mo 
6 III 1 Y N 2 Ao-DA D, 8 days 
AMI, Anterior myocardial infarction; PA/I, pulmonary arteriaI hypertension; IABP, intraaortic balloon pulsation (intraoperative); MR,mitral regurgitation; 
N, no; Y, yes; IMA, internal mammary artery; DA, descending anterior coronary artery;Ao, aorta; RCA, right coronary artery; OM, obtuse marginal branch; 
D, dead; A, alive. 
Table II. Temporal response to endoventriculoplasty 
in a patient with postoperative r strictive pattern 
Preop. 4 days 1 mo 2 mo 
DD (mm) 70 40 50 21 
EDV (ml) 109 * 80 92 
EF (%) 32 * 35 44 
RVP (mm Hg) 37 51 60 80 
MR grade 3 1 1 2 
PWT (mm) 14 13 10 10 
DD, Diastolic diameter; EDV, end-diastolic volume; EF, ejection fraction; 
RVP, right ventricular p essure; MR, mitral regurgitation; PW/;, posterior 
wall thickness. 
*Not measured. 
0.6 versus 7.6 -+ 0.2 cm; not significant). Moreover, 
both groups had a reduced end-diastolic diameter 
after operation (group N from 63.4 _+ 10 to 60.2 _+ 
6.5 mm,p < 0.05: group R from 63.1 + 9.5 to 55.5 + 
4.4 mm;p = 0.06) although group R did not register 
any statistical significance. 
Discussion 
A circular reconstruction for LV aneurysm has 
gained wide acceptance for its innovative concept of 
a restored ventricular geometry. Jatene 9performed 
the circular econstruction with and without a patch 
on a transverse plane to restore the natural direction 
of the myocardial fibers. Dor and associates I im- 
proved this technique by putting the patch within 
the ventricular cavity at the transition zone between 
scarred and viable myocardium. 
This operation seems to overcome the problems 
related to the standard linear suture because (1) it 
completely excludes from the ventricular chamber 
the septal extension of the fibrotic process, (2) it 
diverts myocardial fibers toward the apex, (3) it 
decreases the tension on the transitional zone, and 
(4) it encourages the revascularization f the left 
anterior descending artery. 
This theoretic approach as been confirmed by 
functional results. Many authors have found a sub- 
stantial improvement of the ejection-phase indexes 
(ejection fraction, regional contractility scores). 2-4 
Most important, he wall motion pattern returns to 
a symmetric mode (symmetric ontraction of the 
opposite walls). This mode of systolic motion was 
observed in 60% of the patients who underwent 
endoventriculoplasty. Theother 40% had a residual 
deformity of the ventricular chamber with an asym- 
metric contraction pattern. 3 We have emphasized 
the predictive role of a successful geometric recon- 
struction of the well-preserved proximal interven- 
tricular septum. 1° 
Clinical data seem to reftect hese functional find- 
ings. Endoventriculoplasty carries a low operative 
mortality rate that ranges from 3.3% to 6.8%. 2-4, 9-11 
Moreover, this rate is similar in every series, which 
suggests a homogeneous response to the operation. 
Similar results can be achieved with the linear 
suture, but there is a wide variation among different 
series, la 
On the other hand, the great majority of authors 
have pointed out the favorable ffects on the systolic 
function whereas postoperative diastolic function 
has represented the "dark side" of this field. In the 
past, this has been due to the difficulty in analyzing 
the factors that influence the relationship between 
pressure and volume. These factors can be summed 
up intrinsically as passive muscle stiffness, chamber 
geometry, relaxation rate, LV suction, and viscoelas- 
tic properties of the myocardium and extrinsically as 
biventricular interaction, erectile effects (the quan- 
tity of blood in the coronary arteriovenous bed), 
heart rate, and pericardial restraint. 13The ability to 
understand these factors has increased considerably 
in the past decade, and now we can accomplish a
semiquantitative evaluation of the diastolic func- 
tion. 
At present, Doppler evaluation of the volumetric 
filling rate is the most feasible method used to assess 
diastolic dysfunction i the clinical setting. Gener- 
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Table III. Preoperative clinical echocardiographic and angiographic data of the patients with restrictive (R) or 
normal (N) diastolic flow 
Group R (n = 6) Group N (n = 62) p Value 
NYHA class 2.91 _+ 1.06 1.36 _+ 0.59 <0.001 
BSA (m) 1.72 - 0.14 1.36 _+ 0.59 NS 
Time from MI (mo) 3.4 -+ 3.0 31.8 _+ 28 <0.05 
EF (%) 32.1 _+ 3.2 40.1 -+ 11.5 NS 
LVEDP (mm Hg) 27.0 -+ 7.2 17.3 _+ 6.8 <0.001 
TS (points) 57.6 _+ 9.9 45.0 _+ 9.4 <0.05 
AS (points) 30.0 _+ 4.1 24.9 _+ 7.7 NS 
RS (points) 27.6 _+ 8.8 19.9 _ 9.3 NS 
DD (mm) 63.1 _+ 9.5 63.4 _+ 10 NS 
Viable septum (mm) 2.0 + 1.1 2.8 _+ 1.1 NS 
MR grade 1.6 _+ 0.5 0.7 -+ 0.6 <0.01 
PAH (%) 66.6 9.6 <0.05 
BSA, Body surface area; M/, myocardial infarction; EF, ejection fraction; LVEDP, LV end-diastolic pressure; TS, total score; AS, aneurysmatic score; RS, 
remote score; DD, diastolic diameter; MR, mitral regurgitation; PA/L, pulmonary artery hypertension. 
Table IV. Postoperative echocardiographic data of the patients with restrictive (R) or normal (N) diastolic flow 
Group R (n = 6) Group N (n = 62) p Value 
DD (mm) 55.5 - 4.4 60.2 _+ 6.5 NS 
EF (%) 39.5 _+ 8.0 39.4 +_ 11.1 NS 
EDV (ml) 95 -+ 19.2 131 _+ 52 NS 
EDVI 55.5 _+ 12 75 - 33.5 NS 
ABL (mm) 65 _+ 7 73 _+ 6 <0.01 
DD, Diastolic diameter; EF, ejection fraction; EDV, end-diastolic volume; EDVI, end-diastolic volume index. 
ally, we recognize three different patterns of trans- 
mitral diastolic filling: (1) a normal pattern with a 
predominantly early E and a consistently ate atrial 
A velocity, (2) an abnormal relaxation pattern with a 
reversed E/A ratio (early E < late A velocity), and 
(3) a restrictive pattern with an increased E and a 
reduced A velocity, s In patients with a restrictive 
pattern, diastolic flow occurs almost exclusively dur- 
ing early diastole, whereas atrial transport becomes 
negligible. This condition has been reported in 
patients with significant wall thickening (such as 
occurs in amyloidosis) or severe systolic dysfunc- 
tion.8, 14 Progression from an inverted pattern to a 
restrictive one leads to a temporary normalization 
("pseudonormalization") of the diastolic flow. 
We found an abrupt change from a normal pre- 
operative pattern to a restrictive pattern after en- 
doventriculoplasty. This response to the operation 
involved a small but significant minority of patients 
(8%). This group did not differ from the group with 
a normal postoperative pattern for preoperative 
global ejection fraction, extension of the aneurysmal 
scar, or remote myocardial function. On the con- 
trary, the presence of severe congestive heart fail- 
ure, pulmonary hypertension, and elevated LV end- 
diastolic pressure in this group could be attributed 
to a misleading worse systolic dysfunction or a 
preoperative diastolic dysfunction. In fact, all these 
patients had a normal pattern of diastolic flow 
before operation that could be read as a phase of 
pseudonormalization. 
It is difficult to elucidate the mechanism of this 
acute worsening of diastolic function. We can ex- 
clude the extrinsic factors such as heart rate and 
pericardial restraint. The abnormal relaxation, an 
active process, usually presents a different pattern of 
diastolic flow. 
The operation creates a sudden reduction of the 
ventricular volume, leaving a "shorter" ventricle. 
Our policy has been to implant he patch at the "red 
and white" endocardial line. In patients who were 
operated on shortly after a myocardial infarction 
(making it impossible to obtain a hypertrophic re- 
sponse) the surgical correction could be overempha- 
sized. In fact, postoperative LV volume is less in the 
patients with restrictive flow, even if it is at the 
inferior level of a normal range. Most interestingly, 
the ABL is significantly shorter than that of patients 
with postoperative normal diastolic flow and that of 
the predicted value for a normal population. In fact, 
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Fig. 3. Possible mechanism of diastolic dysfunction after 
endoventriculoplasty. A, Anteroapical LV aneurysm. B, 
To implant small patch or to reduce large aneurysmal 
neck, circumferential stress is developed. This produces 
longitudinal strain. C, Longitudinal strain pulls patch 
toward base and interferes with diastolic ventricular suc- 
tioning. 
it can be enhanced by a longitudinal strain, which 
occurs in response to compressive forces required to 
reduce the perimeter of the aneurysmal neck. ~5 
These longitudinal forces tend to pull the apical 
patch toward the base (Fig. 3). Moreover, the 
presence of longitudinal strain could impair the LV 
suction. This phenomenon has been found to be an 
important mechanism in improving ventricular fill- 
ing when ventricular volume is markedly reduced. 16 
Bleeding in the excluded cavity could hypothetically 
lead to a compression of the remnant LV. Unfortu- 
nately, the postoperative echocardiographic window 
does not permit a clear visualization of the apical 
region. 
The patients with a postoperative r strictive pat- 
tern had a poor prognosis: four patients died within 
3 months of the operation. Despite acceptable sys- 
tolic function, diastolic impairment produced pro- 
gressive pulmonary hypertension and advanced con- 
gestive heart failure. It becomes difficult to control 
the situation medically when there is a hemody- 
namic mimicking of constrictive pericarditis (Table 
II). 
In conclusion, caution must be taken when en- 
doventriculoplasty is done in patients in an ad- 
vanced NYHA class, with pulmonary hypertension, 
and with elevated LV end-diastolic pressure. Espe- 
cially in patients very recently affected by myocardial 
infarction, the operation taust be delayed (>3 
months) to permit he hypertrophic response. When 
the clinical condition does not permit a delaying of 
the operation, a more limited correction seems to be 
a safer option. This could be obtained in two ways: 
(1) the line of patch implantation should respect he 
predicted ABL (usually 7.0 to 7.5 cm) and (2) the 
diameter of the patch should be greater (>5 cm) in 
high-risk patients. The finding of a restrictive pat- 
tern after the operation means strict observation 
and, when indicated, a semi-urgent heart transplan- 
tation can be the only solution. 
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